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Technical note

Identifying lynx and other North American felids based on MtDNA
analysis
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As part of a program to identify the distribution primers L16007 and H16498 (Kocher et al. 1989;
of Canada lynx I(ynx canadens)sacross the U.S.  Shields and Kocher 1991). Twenty)- PCR reac-
using hair snags, we have developed a protocol to tions contained 50—100 ng DNA xlreaction buffer
distinguish among all four felid species of northern (Perkin-Elmer), 2.5 mM MgGl, 200uM each dNTP,
North America (lynx, bobcatllynx rufu§, cougar 0.3 mg/ml BSA, 1uM each primer, and 1 Ulaq
[Felis concolot, and domestic cat Helis catu}) polymerase (Perkin-Elmer). After initial incubation at
using mtDNA. Our tests were designed to be time 94 °C for 5 min, the PCR profile was 35 cycles of
and cost-efficient, and applicable to low-quantity or 94°C for 1 minute, 55C for 1 minute, and 72C for
degraded DNA samples. Although it is possible to 1.5 minutes. PCR products were runin a 2.0% agarose
identify species using microsatellite DNA (e.g. Ernest gel (Asubel et al. 1989).
et al. 2000), we favor mtDNA because of the greater The control region primers produced a PCR
copy humber and because allele size constraints limit product of approximately 700 bp in all felid samples
interspecific ranges of microsatellite DNA, poten- (Figure 1). This is the same region amplified by Foran
tially leading to allele frequency overlap (Nauta and etal. (1997a, b), exceptthat primer L16007 resultsin a
Weissing 1996). product 200 bp smaller, which we find amplifies with
Because mtDNA is highly conserved among tissue greater consistency. Felids have a 80-82 bp monomer
types within an individual, and because tissue sampleswithin this region that may be heteroplasmic within
amplify more consistently than hair, we developed individuals (Lopez et al. 1996), resulting in PCR
and validated our protocol using both tissue and hair products of approximately 700 bp, 780 bp, and 860
samples. For hair samples, 5-10 follicles with shafts bp. However, while the PCR products from felid indi-
were typically used in extraction, although in some viduals may vary slightly (or have multiple products)
cases we successfully used single hairs with or without the products are larger than that of other species (for
follicles (see below). Genomic DNA was extracted example,the PCR productis 300-500 bp in mustelids,
using standard protocols for tissues (Dneasy tissue kit; canids, ursids, and other species we analyzed).

Qiagen Inc.), with overnight incubation in lysis buffer As an independent mtDNA test, we amplified
and Proteinase K on a rocker at8D. Elution of DNA about 360 base pairs (bp) using 16S rRNA universal
was in 50ul of buffer. primers (Hoezel and Green 1992). Fifty- PCR

To distinguish felid species from one another and reactions contained 50-100 ng DNAx 1reaction
from other species, we used the Polymerase Chainbuffer (Perkin-Elmer), 2.5 mM MgGl| 200 M each
Reaction (PCR) to amplify two portions of the mito- dNTP, 1 M each primer, and 1 Uag polymerase
chondrial genome (Figure 1). One region includes the (Perkin-Elmer). PCR profiles and gels were as for
control region, amplified using conserved, universal the control region, but with 50C annealing. We
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Figure 1. The approach used to genetically distinguish the felids from other species and from one another. Both tests of the D-loop region and
16S rRNA are used on all samples. Restriction digest analysis of 16S rRNA is conducted using all 3 enzymes to identify the four felid species.

developed restriction maps for the 16S rRNA region many locations without being confounded by intra-
based on known sequences for lynx, bobcat, cougarspecific polymorphisms. We successfully identified
and domestic cat (Johnson and O’Brien 1997). The known samples of 34 lynx, 24 bobcat, 22 cougar, and
restriction enzymesladll, Hpall, and Rsd digested 15 domestic cats from locations in Western Canada
the PCR products at 37C overnight, and fragments and 11 states across the U.S. The ‘blind tests’ assessed

were visualized in a 2.5% agarose gel. the reliability of the protocol both within our lab and
Like the control region, the 16S rRNA region with  in an independent lab (S. Fain, U.S. Fish and Wildlife
3 restriction endonuclease digestiofadlIl, Hpall, Service Forensics Lab, Ashland, OR). Collectively, a

and Rsd) separated felids from other species, but total of 87 samples including 50 from felids (lynx,
the 16S rRNA test also distinguished the four felids bobcat, cougar, domestic cat) and 37 from 18 other
by species (Figure 2). Specificallfjadll digested species (canids, ungulates, ursids, mustelids, rodents,
the PCR products from all four of the felids, but lagomorphs, and humans) were correctly identified
not any other species; there are three similar-sized (felids to species and non-felids as ‘other’) 100% of
products for the four felids, but lynx also produce the time.
a unique pattern of 113 bp. The restriction enzyme Several species dfelidae contain mitochondrial-
Hpall does not digest bobcat or cougar PCR products, like sequences inserted into the nuclear genome
but causes unique product sizes for lynx and domestic (Numt Lopez et al. 1996; Cracraft et al. 1998).
cat. Finally, Rsd digests PCR products from bobcat However, the presence dbfumtbands, which we have
but not from lynx or cougar. This restriction site was detected in approximately 20% of the 92 known lynx
polymorphic in domestic cats, with PCR products samples for which we have successfully amplified the
from 12 of 15 domestic cats tested cutting similar to control region segment, should not be a problem for
bobcat. species identification because the diagnostic mtDNA
We validated our protocol for identifying felids regions also amplify.
to species with a geographic range evaluation, a  Following development and successful valida-
blind internal test, and a blind external test. The tion of the protocol, we have begun using hair
geographic range validation was intended to ensure snags (McDaniel et al. 2000) in a nationwide
that our protocol correctly identified cat species from survey including 12 states across the northern U.S.
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Figure 2. Agarose gel showing restriction digest analysis of the 16S rRNA region. The top panel shows PCR products digested using Haelll,
the middle shows PCR products digested using Hpall, and the bottom panel shows PCR products digested using Rsal. The first lane is a 1 kb
size standard, followed by digested products from a known lynx. The next lanes are 4 hair samples and 2 blood samples collected in snow that
were suspected to be from a lynx. The last three lanes are digested PCR products from a known domestic cat, bobcat, and cougar.

(McKelvey et al.,, in preparation). To date, 788 elusive animals (such as Canada lynx, recently listed
hair samples have been analyzed using the describedas Threatened in the contiguous U.S.). Furthermore,
protocol. We obtained DNA of high enough quality for hair samples identified to species can in some cases
amplification from 643 (82%) of these samples, and be analyzed with the suite of emerging approaches
have detected all 4 felid species. Of the 643 samplesfor individual identification, phylogenetic analysis,
that successfully amplified, 168 were single hairs; and estimation of abundance and gene flow (Kohn
amplification was successful in 77% (46/60) of single and Wayne 1997; Schwartz et al. 1998; Taberlet and
hairs with follicles and 84% (91/108) without follicles.  Luikart 1999; Mills et al. 2000).

In short, our protocol conclusively identifies lynx and

other sympatric felids (Figure 1) across geographic

regions and across laboratories, even if samples areAcknowledgements

low quality or low quantity.
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